Objectives: To determine the prevalence of biochemical iron deficiency and identify factors associated with ferritin levels among 6-24-month-old urban South Island New Zealand children. Design: Cross-sectional survey conducted from May 1998 to March 1999. Setting: The cities of Christchurch, Dunedin and Invercargill. Subjects: A total of 323 randomly selected 6-24-month-old children participated (response rate 61%) of which 263 provided a blood sample. Methods: A complete blood cell count, zinc protoporphyrin, serum ferritin and C-reactive protein were measured on nonfasting venipuncture blood samples, 3-day weighed food records and general questionnaire data were collected. Results: Among children with C-reactive proteino10 mg/l (n ¼ 231), 4.3% had iron deficiency anaemia, 5.6% had iron deficiency without anaemia, and 18.6% had depleted iron stores, when a ferritin cutoff of r12 g/l was used. Age (negative), sex (girls4boys), ethnicity (Caucasian4non-Caucasian), weight-for-age percentiles (negative) and birth weight (positive) were associated with ferritin after adjusting for infection and socioeconomic status. When current consumption of iron fortified formula and 4500 ml of cows' milk per day were included, these were associated with a 22% increase and 25% decrease in ferritin, respectively (R 2 ¼ 0.28). Conclusions: The presence of suboptimal iron status (29%) among young New Zealand children is cause for concern, even though severe iron deficiency is rare, because children with marginal iron status are at risk of developing severe iron deficiency if exposed to a physiological challenge.
Introduction
Infants over 6 months of age and toddlers are vulnerable to iron deficiency because their high iron requirements for growth coincide with an age when body iron stores are depleted, dietary patterns are not yet well established and intakes of meat are often low (Dallman, 1992; Michaelsen et al, 1995) . In this age group, iron deficiency that progresses to anaemia is known to impair child development, and may result in delayed or permanently impaired psychomotor development (Grantham-McGregor & Ani, 2001; Stoltzfus, 2001) , thereby making its prevention a public health priority. In New Zealand, recent prevalence estimates of iron deficiency and anaemia for 6-24-month-old children range from 18 to 51% and 5 to 34%, respectively (Moyes et al, 1990; Poppe, 1993; Crampton et al, 1994; Rive et al, 1995; Wham, 1996; Adam et al, 1998; Wilson et al, 1999) . These rates are much higher than those reported for young Australian, European and North American children (Greene-Finestone et al, 1991; Karr et al, 1996; Eden & Mir, 1997; Innis et al, 1997; Looker et al, 1997; Oti-Boateng et al, 1998) , and hence has given rise to concern among the New Zealand health profession. Notwithstanding, these New Zealand studies were based on small, opportunistic and often hospital-based samples in which anaemia may be disease related (Gibson, 1990) . Iron deficiency anaemia (IDA) was often based exclusively on haemoglobin (Moyes et al, 1990; Wham, 1996; Adam et al, 1998) , which may have resulted in overestimation, because of the low specificity of haemoglobin in this age group (Gibson, 1990) . Serum ferritin was not used to confirm IDA even though it was measured in several studies (Moyes et al, 1990; Wham, 1996; Adam et al, 1998) . Clearly, confirmation of these apparent high prevalence rates is needed based on a well-designed, representative study of healthy children, using multiple parameter indices of iron status.
The prevalence of iron deficiency varies across populations and subpopulations, depending on a variety of sociodemographic and dietary factors, individual predispositions and health promotion activities. Among young Australian and European Union children, prematurity, age, sex, ethnicity, growth rate, household socioeconomic status, maternal education levels and intakes of cows' milk and iron-fortified foods have been associated with iron status (Michaelsen et al, 1995; Emond et al, 1996; Wharf et al, 1997; Freeman et al, 1998; Oti-Boateng et al, 1998; Persson et al, 1998; Bramhagen & Axelsson, 1999; Sherriff et al, 1999; Bougle et al, 2000; Karr et al, 2001; Male et al, 2001) . Of these, only ethnicity has been consistently reported in New Zealand (Caucasian4 non-Caucasian) (Akel et al, 1963; Moyes et al, 1990) , in part, because small study sample sizes have precluded any indepth analyses of multiple risk factors. This is unfortunate, because an effective public health initiative requires information on potential aetiological factors, as well as defined target groups. Such information also enhances our general understanding of factors that predispose young children to suboptimal iron status in Western countries. Therefore, the objectives of this study were to determine the prevalence of iron deficiency among a randomly selected group of apparently healthy, urban 6-24-month-old New Zealand children, and to investigate factors associated with serum ferritin levels in this group of children. These results are part of a more comprehensive survey designed to investigate the iron, zinc and iodine status of 6-24-month-old urban South Island New Zealand children.
Methods

Survey design
A community-based, cross-sectional survey of 323 randomly selected 6-24-month-old children was conducted from May 1998 until March 1999 in three cities in the South Island of New ZealandFChristchurch, Dunedin and Invercargill. A nonfasting venipuncture blood sample, anthropometric measurements (length and weight), 3-day weighed food record and pretested general questionnaire (self-administered) were collected during two home visits for each participant. The dietary assessment methods have been described in detail elsewhere (Soh et al, 2001) . Ethical approval to conduct the survey was granted by the Ethics Committee of the University of Otago, Dunedin, New Zealand, and written informed consent was obtained from a primary caregiver for each child participating in the survey.
Subjects and recruitment
Children were randomly selected to participate in the survey, using multistage sampling. The number of children recruited in each city was in proportion to the population in each city (ie 217 in Christchurch, 66 in Dunedin and 40 in Invercargill) . To recruit these children, address start points were randomly selected across census area units (CAUs) in each city after weighting each CAU for the number of households. Hence, the probability of having a start point selected per CAU was related to its population. All CAUs in Christchurch and Invercargill were eligible for inclusion. The city of Dunedin, however, covers a large geographical area, therefore, the CAUs in the towns of Middlermarch and Brighton were excluded for logistical reasons. At each start point (n ¼ 147), the first household was selected by taking the house closest to a randomly selected geographic coordinate. From this starting house, 79 additional households were visited following a predetermined direction to identify all children eligible for the survey (ie 13% of the households were missed because no one was found at home). The inclusion criteria for participation were (a) the child was between the age of 6 and 24 months (inclusive), and (b) the child was presumed healthy with no detectable medical reasons for poor health or chronic diseases. Despite these inclusion criteria, two survey participants were included who were outside the specified age range (ie, 5.8 and 26.9 months). The older child was excluded from all descriptive analysis, because he was more than 2 weeks outside the age range specified. If more than one child was eligible per household, then one was randomly selected to participate. Within each city, an approximately equal number of children in proportion to the city size were recruited per month from May until December 1998. Only children from Christchurch were recruited in February/March, 1999 (ie, 28 children) . Of the 532 eligible children identified, the mothers of 323 agreed to allow their child to participate in the survey, and a blood sample was successfully collected from 263 children. An attempt was made to collect sociodemographic data from families who refused to allow their child to participate, which was unsuccessful. Hence, the response rate bias could only be evaluated by comparing sociodemographic characteristics of participants to those of 6-24-month-old children living in these three cities during the 1996 census (Statistics, 1997). The reasons for not collecting a blood sample were refusal by the primary caregiver (n ¼ 39) and lack of success in collecting the sample (n ¼ 22). Compared with children who did not provide a blood sample, those who did were older, came from slightly larger families, were more likely to have been formula fed, and less likely to be currently breastfeeding and hospitalised in the month before the survey (Table 1) . Hence, an additional response rate bias might have been introduced via attrition.
Biochemical assessment
A nonfasting venipuncture blood sample was collected from each child, where feasible (81.4%; n ¼ 263), into a trace element free vacutainer (Becton Dickinson, Franklin Lakes, NJ, USA) and a 2 ml draw EDTA vacutainer. Zinc protoporphyrin (ZPP) and a complete blood cell count (CBC) were measured on the uncoagulated blood sample within 4 h of collection in each of the three urban centres. The serum was separated (20 min at 3000 rpm), aliquoted and frozen at À801C (in Dunedin) and À201C (in Invercargill and Christchurch) within 3 h of sample collection. Each month, frozen samples were transported on dry ice from Christchurch and Invercargill to Dunedin where they were stored at À801C until analysis for serum ferritin and C-reactive protein in the Department of Human Nutrition trace element laboratory at the University of Otago.
The CBC and ZPP were measured on STKS Coulter Machine and a ProtoFluor-Z front-face fluorometer (Helena Laboratories, Beaumont, TX, USA), respectively, in all the three centres. Serum ferritin was measured by ELISA using a commercial kit (Ramco Laboratories Inc., Houston, TX, USA), and C-reactive protein using a Behring Turbitimer System (Behring Werke #G, Marburg, Germany). For ZPP, the fluorometer was calibrated before each analysis using commercial calibrators provided with the ProtoFluor reagent kit (catalog number 2010 & 2011 Helena Laboratories, Beaumont, TX, USA).
The accuracy and precision of the CBC results were ensured via international accreditation through the Royal College of Pathologists of Australasia Quality Assurance programs. Interlaboratory agreement was also assessed for CBC and ZPP measurements by analysing six blood samples collected from two persons on the same day. Results showed excellent agreement between the laboratories for CBC, but not for ZPP, which was on average 17 mmol/mol haem (24%) higher in Christchurch than the other two centres. Interlaboratories differences for haemoglobin and mean corpuscular volume (MCV) were all within 1-2% of the mean. For ferritin, the accuracy and precision of analytical techniques were assured by analysing international reference materials (ie NIBSC 3rd International Ferritin Standard), an in-house pooled serum sample and high, medium and low commercial controls (catalog number S-22, Ramco Laboratories Inc., Houston, TX, USA). The analysed and expected values were 59.274.1 mg/l vs a certified concentration of 63.0 mg/l for the international reference material. The analysed high, medium and low Ramco controls were 293.1715.6, 68.074.3 and 12.470.9 ng/ml compared with certified concentrations of 280.0762.0, 68.8716.1 and 12.174.8 ng/ml, respectively. The coefficient of variation for the serum ferritin analysis was 6.8%.
The descriptive biochemical data are presented for only those children who had a normal C-reactive protein (ie, o10 mg/l), because values Z10 mg/l are considered indicative of infectionFa potential confounder of the biochemical iron indices used (Singer et al, 1986) . IDA, iron deficiency without anaemia (ID) and depleted iron stores were defined on the basis of haemoglobin, serum ferritin, MCV and/or ZPP. IDA was defined as haemoglobin o110 g/l (Gibson, 1990) , and at least two of three abnormal values from the indices of MCV, ZPP and ferritin. The definition for ID was identical, except that haemoglobin had to be Z110 g/l. Depleted iron stores were defined as low ferritin only (and not IDA or ID). The results are presented using two different cutoffs for serum ferritin (r10 mg/l and r12 mg/l), each corresponding to different internationally reported values indicative of absent to depleted stores (Emond et al, 1996; Karr et al, 1996; Looker et al, 1997; Oti-Boateng et al, 1998; Persson et al, 1998; Sherriff et al, 1999) . For ZPP, a cutoff value of Z70 mmol/mol haem was used based on values from the 1997 New Zealand National Nutrition Survey of adults, with an upwards adjustment of 10 mmol/mol haem to account for the physiological age-related difference in ZPP . For MCV, the NHANES II cutoff of r73 fl was selected (Pilch & Senti, 1984) . For our definitions of IDA or ID, MCV was used instead of transferrin saturation, because Iron deficiency in 6-24-month-old New Zealanders P Soh et al the amount of blood collected from most children was insufficient to measure serum iron and total iron binding capacity.
Anthropometric assessment
Two serial measurements of length and weight were made on each child (nude) by one research assistant in each city. Length was measured to the nearest 0.1 cm using a paediatric length board (O'Leary, Ellard Instrumentation Ltd, Seattle, WA, USA). For the weight measurement, first the mother holding her child was taken, and then the weight of the mother alone was measured to the nearest 0.1 kg using a calibrated (5.3 kg weight) electronic scale (Seca 770 Alpha, Seca Corporation, Weighing and Measuring System, Columbia, USA). The child's weight was then calculated by deducting the mother's weight from the total weight (ie, mother þ child). If the first and second measurements did not agree to within 70.5 cm for length and 70.5 kg for weight, then a third measurement was made. An average of all measurements made per index was used to calculate the length-for-age and weight-for-age percentiles for each child using the National Center for Health Statistics reference data in the Epidemiology Information programme (version 6.0) (Dean et al, 1994) .
Statistical analysis
All statistical analyses were performed using the survey commands of Stata version 5.0 (Stata Corporation, College Station, TX, USA) to account for the complex survey design.
Independent t and Pearson w 2 tests were used to test for significant differences in sociodemographic characteristics between children who did and did not give a blood sample. Pearson w 2 tests were also used to test for associations between sex, age and the prevalence of IDA, ID and depleted iron stores. Two-factor ANOVA was used to test for differences in mean levels of blood indices between age and sex groups. Two multiple linear regression models were used to determine predictors of serum ferritin. Serum ferritin was log transformed for these analyses to normalise the distribution. The exponential of the b-coefficients from these analyses provide comparisons between levels of predictors on a ratio scale. The first model fitted contained nondietary variables that in univariate analyses with serum ferritin had a P-value o0.20, or variables that had previously been shown in other studies to be associated with the outcome. These variables included age, sex, ethnicity (Caucasian vs nonCaucasian), weight-for-age centiles, birth weight, smokers in the household, C-reactive protein, household income, maternal education, maternal ferritin concentration and whether the mother took an iron supplement once per week or more during pregnancy. For parsimony, the final model was reduced to include only the socioeconomic indicators (income and education) and variables that had a P-value o0.05.
In a second model, additional dietary variables were included that could be posed as simple questions during a clinic visit without the need for a detailed dietary assessment. These variables were selected based on the literature and our detailed dietary analysis in this group of children (Soh et al, 2001) . The latter showed that the consumption of cows' milk and iron-fortified formula was associated with ferritin levels in this group of children, whereas meat intake was not (Soh et al, 2001) . The variables examined were introduction of cows' milk before 12 months of age, and whether the child was currently consuming iron-fortified formula, had never consumed iron-fortified formula (exclusive breastfed), was currently breastfeeding and was currently consuming on average more than 500 ml of cows' milk per day. Of these variables, only currently consuming iron-fortified formula and 4500 ml/day cows' milk were significantly associated with ferritin, and hence included in the final model. The volume of cows' milk consumed was estimated from their 3-day diet records by assuming that all dietary energy contributed by dairy products was from cows' milk and 272 kJ of energy was equivalent to 100 ml of cows' milk (Paul & Southgate, 1978) . Previously, consumption of volumes of 400 and 600 ml/day of cows' milk was shown to be associated with suboptimal iron status (Karr et al, 2001; Thane et al, 2000) . However, for this analysis a volume of 500 ml (ie, 2 cups or one half litre) was chosen because it was considered an easier volume to visualise when making dietary recommendations. Repeating the analysis using 400 and 600 ml instead of 500 ml, respectively showed similar results. Hence, the model was not sensitive to the actual volume of cows' milk selected.
The change in R 2 was tested for significance to determine if the additional dietary variables included in model 2 significantly improved the explained variation in serum ferritin. Model assumptions were tested using standard techniques.
Results
The children surveyed were healthy, Caucasian and predominantly living in two parent nonsmoking families (Table 1 ). The majority were breastfed and consumed ironfortified formula at some time during infancy. Approximately 25% were breastfeeding and 31% consuming ironfortified formula at the time of the survey (Table 1) . Minor, but significant, sex differences (boysogirls) existed for haemoglobin, mean cell volume and ferritin, after adjusting for age. For example, age-adjusted haemoglobin, mean cell volume and ferritin were 113 vs 116 g/l, 77.3 vs 78.3 fl and 17.6 vs 20.9 mg/l, for boys and girls, respectively. Significant age group differences also existed for average haemoglobin and ferritin concentrations, whereby ferritin concentrations of younger children were significantly higher, and haemoglobin levels significantly lower when compared with older children (Table 2) . Consequently, a higher proportion of younger than older children had low Iron deficiency in 6-24-month-old New Zealanders P Soh et al haemoglobin and a lower proportion had low serum ferritin levels. Moreover, a higher proportion of children had low haemoglobin (ie anaemia) than low ferritin levels (ie, depleted iron stores). For example, the percentage of 6-11.9-month-old and 12-24-month-old children with haemoglobin o110 g/l was 49 and 22%; however only 8 and 23%, respectively, had evidence of depleted iron stores (ie, ferritin r10 mg/l). Between 12% (6-11.9 months age group) and 13% (12-24 month age group) of children had MCV levels r73 fl; and between 14% and 9% for ZPP Z70 mmol/ mol haem, respectively. The estimated prevalence rates of iron deficiency ranged from 3.5 to 4.3% for IDA, 4.3 to 5.6% for ID and 12.6 to 18.6% for depleted iron stores, depending on the ferritin cutoff value used (Table 3 ). Up to 10% of the children had functional iron deficiency (IDA þ ID; Table 3 ). There were no significant age-group differences in the prevalence of IDA, ID and total functional iron deficiency, regardless of the ferritin cutoff used. In contrast, the prevalence of depleted iron stores was significantly higher in the 12-24-month-old age group compared to the younger age group (Table 3) . In general, there were no significant sex-group differences in the prevalence estimates for indices of iron deficiency, although there was a trend for boys to have a higher prevalence of depleted iron stores than girls (ie, 22.6 vs 13.3%, P ¼ 0.073 w 2 ). Of the sociodemographic factors examined in the first multiple linear regression model (Table 4) , sex, ethnicity and birth weight were found to be positively associated with ferritin, whereas age and weight-for-age percentiles adjusted for birth weight were found to be negatively associated with ferritin. The second model containing additional dietary Table 3 Prevalence (95% CI) of IDA, ID, total functional iron deficiency (IDA+ID) and depleted iron stores based on different cutoff levels for serum ferritin (SF) and for children with C-reactive protein values o10 mg/l by age group (n=72 for 6-11.9 months and n=159 for 12-24 months)
SF o10 mg/l 6-11.9 months 5.6 (0.7, 10.4) 2.8 (0.9, 6.4) 8. *Defined as haemoglobin o110 g/l, and 2 of 3 from MCV r73 fl, ZPPZ70 mmol/mol haem and/or ferritinrspecified value (ie, 10 or 12 mg/l).
w Defined as haemoglobin Z110 g/l, and 2 of 3 from MCVr73 fl, ZPPZ70 mmol/mol haem and/or ferritinrspecified value (ie, 10 or 12 mg/l). z Defined as ferritinrspecified value (ie, 10 or 12 mg/l) and not ID or IDA. y Significant difference between infants and toddlers (Pearson w 2 ; Po0.05).
Iron deficiency in 6-24-month-old New Zealanders P Soh et al variables (currently consuming iron-fortified formula and presently consuming greater than 500 ml of cows' milk per day) was found to significantly improve the explained variation in ferritin (R 2 ¼ 5%, P ¼ 0.0004). In contrast, introduction of cows' milk before 12 months of age, exclusive breastfeeding, current breastfeeding, maternal ferritin levels, maternal iron supplement use during pregnancy and smokers in the household were not significant predictors of ferritin levels.
Discussion
This survey, based on a randomly selected sample of 6-24-month-old urban South Island New Zealand children, indicates that suboptimal iron status is common in young New Zealand children, although severe iron deficiency was rare. Up to 10% of these South Island children apparently had functional iron deficiency, and close to 30% had suboptimal iron status (functional iron deficiency þ depleted depleted iron stores), assuming that attainment of serum ferritin levels of at least 13 mg/l is desirable and indicative of iron stores in this age group. Indeed, their median ferritin and haemoglobin levels were at the lower end of ranges reported in recent studies of young children in Western countries (ie, 17 vs 16-59 mg/l for ferritin and 114 vs 115-130 g/l for haemoglobin) (Wharf et al, 1997; Oti-Boateng et al, 1998; Sherriff et al, 1999; Male et al, 2001 ). Compared to previous New Zealand studies, however, our results showed a much lower prevalence of functional iron deficiency (ie, 10 vs 17-34%), which was instead similar to rates reported for young children in Australia, North America and the European Union, when similar biochemical criteria and age groups were assessed (Gregory et al, 1995; Karr et al, 1996; Zlotkin et al, 1996; Innis et al, 1997) . This discrepancy with other New Zealand studies reflects interstudy differences in sampling procedures (ie, random vs opportunistic), the biochemical criteria used to define IDA (ie, multiparameter vs haemoglobin or haemoglobin þ MCV), ethnic mix of the children surveyed and perhaps regional differences in iron status (North vs South Island). A slight underestimation of the prevalence estimates may also be possible in our study, because of the low response rate (61% overall and 49% for the blood group). More survey participants, for whom blood samples were successfully drawn, were Caucasian (84 vs 78%), were older (38 vs 33% in the 18-24 month age group), and had mothers with a university education (21 vs 9%) than was expected based on the 1996 Census data for Christchurch, Invercargill and Dunedin (Statistics, 1997) . Moreover, within the sample, Incomeo$NZ20 000=1 (low income); and Z$NZ20 000=0. y Mother has a tertiary level of education=1; and primary or secondary level of education=0. z Consumed Z500 ml/day of cows' milk=1 (from 3 day weighed diet records); o500 ml/day cows milk=0. O Not analysed. **Currently consuming iron-fortified formula=1; and not currently consuming iron-fortified formula=0.
Iron deficiency in 6-24-month-old New Zealanders P Soh et al children who provided a blood sample were less likely to have been breastfed and hospitalised within 4 weeks of their interview (Table 1) . Maternal education and breastfeeding status were not associated with a child's iron status. However, age and ethnicity were significant predictors of ferritin levels (Caucasian4non-Caucasian; younger4older). Therefore, the response rate bias if anything, may have resulted in an underestimation of prevalence rates of iron deficiency when presented by age groups. For the 6-24-month-old age range, the higher proportion of older children might have balanced out the bias caused by the lower proportion of non-Caucasian children in the prevalence rate estimates. Despite a lower prevalence estimate of iron deficiency than previously reported, our results indicate that as many as one in 10 urban South Island 6-24-monthold children are at risk of functional iron deficiency, of which close to one half might have IDA. This is of concern, because IDA is known to impair child development via its role in muscle and brain function (Stoltzfus, 2001) , and iron deficiency without anaemia probably has subtle negative effects on enzyme function (Hercberg et al, 2001) . Likewise, the high prevalence of children with depleted iron stores is perturbing, because children with marginal iron status are at risk of developing severe iron deficiency, if exposed to a physiological challenge. The significantly higher prevalence of storage iron deficiency in the older compared with younger age groups (Table 3) suggests that the iron status of toddlers, in particular, should be monitored in this population. Unfortunately, our interpretation is limited by the cross-sectional nature of the survey design, however, and relies on the questioned assumption that haemoglobin and ferritin levels indicate identical iron status and iron stores across the 6-24 month age range (Sherriff et al, 1999; Aggett et al, 2002) . The significantly higher average ferritin and significantly lower average haemoglobin levels among infants compared to toddlers in the current study certainly suggest that agerelated differences in these indices exist that are unrelated to iron status. Particularly, because they were not associated with an age-related difference in rates of infection based on both C-reactive protein results and reported rates of infection in the month prior to the survey. Clearly iron status indices need to be interpreted with caution over the 6-24-month-old age range, as recently emphasised by others (Aggett et al, 2002) . Nevertheless, an age-related decline in iron stores in this group of children is consistent with longitudinal and intervention studies, which generally show that ferritin levels decline across the 6-24 month age range when cows' milk or unfortified formula is fed, whereas they remain constant when children consume iron-fortified formula (Fuchs et al, 1993; Michaelsen et al, 1995; Daly et al, 1996; Gill et al, 1997; Oti-Boateng et al, 1998; Morely et al, 1999; Sherriff et al, 1999; Virtanen et al, 2001) . It is also consistent with the observed dietary iron intakes in our study which were markedly lower in the 12-24 month than 6-11.9-month-old children (8.4 vs 4.6 mg/day) (Soh et al, 2001) . Clearly, there is a need to examine intervention strategies to increase the iron intakes of young New Zealand toddlers to reduce their risks of developing functional iron deficiency.
It is also noteworthy that 30% of the children in our study had low haemoglobin levels, even though less than 5% had IDA based on a multiparameter index. Acute infection did not appear to account for this discrepancy, because children with elevated CRPs were excluded and the reported rates of infection in the month prior to the blood sample draw (questionnaire) did not differ comparing children with IDA, low haemoglobinFnot IDA and normal haemoglobin levels. The use of a multiparameter index also removed the apparent age group and sex differences in the percentage with IDA defined using low haemoglobin levels alone. Based on these results and others (Michaelsen et al, 1995) , the current haemoglobin cutoff of 110 g/l used to diagnose IDA in 6-24-month-old children, at least at sea level, appears high, especially when used alone. Indeed, the fifth percentile for haemoglobin levels of children who were not IDA or ID and had ferritin concentrations above 12 mg/l and normal CRPs was 99 g/l. This emphasises the importance of using a multiparameter index for defining IDA, as well as the need for further research regarding appropriate cutoff levels for the interpretation of indices of iron status in this age group. Moreover, until the validity of cutoff points of iron indices is confirmed, prevalence estimates of iron deficiency across the 6-24-month-old age range must remain conjectural.
The second objective of our study was to ascertain predisposing sociodemographic factors associated with low body iron stores. Such information could be used to alert public health professionals of children predisposed to iron deficiency in the population. Based on our results, rapidly growing, non-Caucasian male toddlers born with a low birth weight had the lowest serum ferritin levels (ie, highest risk) in this group of children. For example, the predicted serum ferritin concentration of a healthy 22-month-old, nonCaucasian boy with a birth weight of 2500 g, and weightfor-age at the 98th percentile is 7 mg/l, compared with 27 mg/l for a healthy 9-month-old Caucasian girl with a birth weight of 3600 g and weight-for-age at the 25th percentile. These results are not surprising, and are consistent with those of other studies (Emond et al, 1996; Karr et al, 1996; Wharf et al, 1997; Sherriff et al, 1999; Bougle et al, 2000; Male et al, 2001) . Rapidly growing infants/toddlers rely on body iron stores to meet their high iron requirements for growth during early infancy (Michaelsen et al, 1995; Sherriff et al, 1999; Male et al, 2001) , and these stores are very small for low birth weight infants (Dallman, 1992) . Likewise, the higher susceptibility of boys to depleted iron stores compared to girls has been partially attributed, by some investigators, to their more rapid growth rate (Male et al, 2001 ). In our study and others, dietary factors also apparently played an important role in the determination of ferritin levels, particularly the consumption of cows' milk and iron-fortified formulae (Soh et al, 2001) . Certainly, dietary factors accounted for the associaIron deficiency in 6-24-month-old New Zealanders P Soh et al tions found between ferritin and the variables of age and weight-for-age percentiles (Table 4 and Soh et al, 2001) . In New Zealand, caregivers are actively encouraged to delay the introduction of cows' milk until after 12 months of age, as reflected in the marked reduction (50%) in iron intakes observed comparing nonbreastfeeding infant and toddler diets in this study (Soh et al, 2001 ). This practice might also be the reason as to why ferritin was not associated with the introduction of cows' milk before 12 months of age, unlike what has been observed in other countries (Michaelsen et al, 1995; Wharf et al, 1997; Freeman et al, 1998; Male et al, 2001) . The lack of association between socioeconomic variables and ferritin is also in contrast to observations in several other countries (Thane et al, 2000; Male et al, 2001) , perhaps reflecting the relatively uniform infant/toddler dietary patterns observed across socioeconomic groups in the South Island of New Zealand (Soh et al, 2001 ). Our analysis also showed that children who were never fed ironfortified formula were not disadvantaged in terms of ferritin levels, even though current iron-fortified formula consumption was associated with a 22% higher ferritin level. This is encouraging for mothers who choose to exclusively breastfeed. However, it is also important to note that other risk factors were less common in this group compared to the other children. For example, the exclusively breastfed children (n ¼ 56) had significantly lower average dairy product intakes and weight-for-age percentiles compared to the children who had been fed iron-fortified formula at some time during infancy. Clearly, attained ferritin levels are the result of complex interactions among both physiological predispositions and dietary factors in this age group.
Finally, it must be noted that associations do not prove causality. Also, future changes in dietary patterns in New Zealand, especially across subgroups in the population, will change the risk profile observed. Nevertheless, the New Zealand health profession should be made aware of these current predisposing risk factors, given their consistency with other studies (Emond et al, 1996; Wharf et al, 1997; OtiBoateng et al, 1998; Persson et al, 1998; Sherriff et al, 1999; Bougle et al, 2000; Male et al, 2001 ), the potential negative functional outcomes of iron deficiency and the ease with which they can be assessed. The additional questions regarding the average quantity of cows' milk consumed per day and whether their child is currently iron-fortified formula fed are also recommended to refine this risk assessment process.
In conclusion, up to 10% of urban 6-24-month-old South Island children are at risk of functional iron deficiency, which is cause for concern given the possibility that even mild ID without anaemia could have subtle adverse functional consequences (Hercberg et al, 2001; Stoltzfus, 2001 ). In particular, rapidly growing, non-Caucasian male toddlers who were born with a low birth weight are predisposed to lower ferritin levels (ie, presumably lower body iron stores), especially if they are consuming on average over 500 ml of cows' milk per day.
